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The present ixwentkm relates to the HeM of ufe^sound tscl-sBology, 
Bp^sciEcally the xpv^jitioa selstes m & l^^tmx Mr cmB.tmg MlUmmxxi.d waves 
IbaisiBg piem at a loeMaoii in st. m&^mm arid to methsjd^ fe>» enhancing 
the res«.ltaxvt c&vitational el&sts fekat take j>la.c« m^h,e focal region. 

B;g«kg:r o«ii.d of th e Im' feg^M^jj 

llie u$^e ultrsso^ medicai diagnosttcis m^d therapy is well hxic^wn, 

Bissgnostk tedtolq^es are ham^ oh t^B |>rod«ctkm M tmnstnimlou of 
ult#s<jua4 waye«5 into; the body, siid deteetjou of the m&Uet&d echoes £rom 
the $eanried regioh. Therapeutic mesthods are gsiierally based on the %m of 
ft>c«sed beams of uKrasoalc energy to pJ?o(i\ice M^-pQwrnad mechaajcal 
energy for disiTitegratiqn of medii;a1 targets hf h&kt aiid aMatioft ox 
cavitation caused by pressure wavesv la bsjdy fluids s.uch as blood or in the 
iftteroelluiar ilwids in iivinf tbs«e/the appicaMQn o&xaltrash^ e3:i^rgy often 
leads to the creation of Mbbfes^s^Mch g^ vofohie by a Jsroeess known a® 
s?eet|0ed diffusioa and evexvtsially imp«lode releasmg large amousits of engrgy 
a.ad ge?M«?ati&g sites of locally bigli tempre^afere md px^ess^re fm: very short 
periods o£ time. 



Ixi ladustrjf camtalfcioiml effe^Jts as^ usf d for n wide vmwty ot ^applkatiotis 
from cfegsjimg of objects to mitiatmg ckemic&i rieaetioxis, 

Qom'«»tioBaI tilttasotmd s fey traij^dpce^risi p^wier^ by a 

simisoidaj waveform such, as th.at sh&vm hi Fig> 1, Tb& horiaontai axis 
represents time measxjjod in pBBC &.nd the vertical «xijs l^Ks volMge: agiptliisd 
to the tramsdtjce*. When the a p|>Ii«d electoral signal is in tEe &«qu«nc'j'- 
r^iage of t^^© tra.sfeducet's Ire<:^u6jvcy feaMvvMtii aM th« signal is at least a 
few cydes long, tlm pt^rnvtm wave ge«erats4 by tks transducer is of &imMay 
sh&ise, 'i'he wa»e;g thiat are emitted from the Iransdnqer feravel tkmagk the 
media as longitudinal waves (th^s timrisv'S'rse waV^s usiialiy aitsximat^ff very 
rapidly in. tlssise miB^ fixuB are ignored herein) ha-ving ajfesrssaiiag 
soB'jps^ession apd ds-coixipresssois ragiojltS: correapowdijig isa tha positive aiad 
jieg^tsv:© portJOjEsa <>f the n&Hform sbowa iii Fig. 1. M<& wa^^ pass^es 

iferough a fluidy ga$es trapped ingide dust motes or cjiher partieles in ih© 
liuidj or ot? ih-B walls of the rsgion mrit;ainisig the fixiM wiil b® drawn ant 
from fche fluid formiag a amaE bubfoJe, If tbe acoustie jjower d^snaity is sipsll, 
Ihstt tfee btjbb|(& mil: o^ilisti? aj'snijd a tetetiyely constat r^ditts^ This 
process is known as stable cavitation, if i:li8 p<>wer density is high, then ga.s 
di^uaaa iisto tije bubfefe duii'ing the d^&-coj:n|sr^ssiq» haE-eycle of the smad 
wa%*es aiid dli&ses out iroixi tfee bubble dttrmg f he mm^t&SBiom fmli-^cfcie. 
The rate of diifuaioa is proport&>nal to tise radias of the btsbble aad tberelore 



the rate of djjfesioix mto th&^ 1^^ (#bi.cls desws wli®n bwbbls feas 
sxj^anj^ed ^^Kiag il^ d6-?i<>m{?ressl<«:j pbase) excee<|& that. o£ tha mt& o| 
dlffsiaion out of the bubfcie (^j^hkk ocietirg Vifkesi tb:e bxibBls lias bami 
coxivpressed). The net result m that the :ra<ii«s ?>£ fcbe bubble increases as th© 
bubMe oscillates. This prmmB k known m rectiM difesicm. 0^6 the 
bubble's? radius reacbes a aitical vaiusj which depends on the- power and 
frequeiSGy at tine :uityaspij.ic sijergy, it can no loBger rgmam stabJ:© aad the 
ps^essurs ca^xsed by tibe next eosspressiQa half-c>^^^^ vs'iH eau^e the bubble to 
impiode, the fluids in the xddmit;^ of th^ bttijhles oseillatsS with s^h a» 
. amplitude that the bubfcfe breahs iatq smM^frae^^ 

Iti m0i<M ^^pplic^c&is the iri^pioM?:;^ of the feufchles 

ia the reciifeil diil\isio» process is used to dostroj near foy eells. ¥arioiss 
methods &m knowsj. to pro^um mvii&tmn a-t the ^lesired locatiorj. Fox 
example, TJS 5,:210*40i teaches the um M relatiyeiy lo'sv p&w&x ttltmsom^d: 
e^e^gy ptoduce stafefe cavitation rfesiiltmi: m a isopulation of bubbles at a 
site and thep applymg a secojid sipsal at another frequency aad highsir 
pawer to cause t^m' bubbles to irnplode, US 6,413,216 teaohes the use of an 
uiiilbeused tmnsdtsc^r opesjatiisg at a low feequeney to ej^e^te btifoble^ a 
treatment area of a patient fs-Howad by tfea usa of a focused ultrasound beam 
at a diifareBt frequessej* aimed at a speeiljc i^agiojs: witMa the treatsuent area 
in order to easise ca^'itation and tharehjr cx^xate a lesioh at a desired location. 
US SS^27s204 teaohes a sjethssi reported to produce large v:apordu« 



siavitatidj^ biibMes m a sni^ll coft&ecl area. mefiiod c«smj>rissa 

gexifei'atmg a Iqw fre^u^m^ sig^aaljsavmg am|?Ktocte less than tke eaxHt&tio5i 

signal s Mgli tr^qxmn(sy signal, The ampfitisde of th« i^esuitusg modulated 
sigaal excj^sds tbe cavitatiopi threshold a;| foc^^ the m^tiulated b«aa>. 
The aim of tlie art is to iBf4^eas© the magaitude of the csmtatiowal effect 
wbllo at th© same time careMlj'^ edKtr<>liing tiie regioti M whicli cavitMfen 
taksjs place m order to allow mors pvmi^& themp^uim tmsLttmrtt wMk 
praveinMng uijinteBdsd damage feo aurroimdmg cells 

Iii rec««t years it has bfe-en: shown that «o?iodM««cally active oavitatistt <jai^ 
fee ehlssiB'eed ays, ord^r of rxiagnitUd^ by superlmpos^^ seooHd fe^^feJOiSic 

onto the foxidamental m msaaatioa {B- Umemara, K, Kawabata, aiid K,, 
Sas&i; ''ISiih&ncament of Sonodpsaisic iTlssiio Bamage BrndmUm by 
SBCosid-HaTJBoiaic; ^iperlmjjosifaoisr IIjoos^ Ansilysis of its Mmhstnmm"^ 
lEBB Ta?aBsactio^5;8 on Ultra^ohics, W^^troeUptrimB smd Fm^^wehcy Go»tr0i, 
43 (1006) 1.054- 1B62;|;; a»d {S. timesrsamj K Hwabata, and !E. Sasaki: 
vitro 53iBrd i». vivQ mib.Bnmxp.m}p of soBodyiiasBicalij^ actiye eayitatioo. hy 
W.<^nd-hkrm<)mc s^up&rit^ 3. AsotiBt. Boo. Arti. lOi (19B7) 069-5^77,| 

aaoth'Sr study it ha^? bemi aliowB that coijjbil^ed irratilatiQn with tx¥o ot 
a$ore orthogoaai feeama, of diHere^tJit u%aso^xid fireqia-smcie^ a 
Oomihoa ioeatlote |»?od«cos a^^^^ cavitatioh ©ifects o-v'er 

single hre^tpeac^ trmdiataoB, |Euo Feag, ¥i,yuB 2hao, CJhasigping^hiU j T,<J. 



Masost ^'Enkasicsmetit of ultrmonm cavitation yi&id by .milti-&equeBe5'' 

It is a pwpos^ af th« pres€iit iivva^ an apparatus aad method 

im proi^ri4mg #><m^ wmmhrnin^ a wa'^'efbrm at tls« ibca| poitat 

that is modified to cause «-ali«a,oed.«6'vitifiitidn. 

Further purposes and advautages of this isjveutio^ will appear as t&e 
Summary of the l^wentioft 

tiltrasouud sigttaisi focus&d at a spedlic IcKiafciou. in a m^diuns, "l^lje 3»6fbod of 
the i»v&»ti6»: comprises ^wo steps; 

(ai) ugiiig oije m more ^rauBducem t0 apply tBe «itra£g;dU;h4 ^igriaia to 

ereatie a waveibrm that catj>m^ formation of bubMes at tfee locatioa; 

and 

■(b) mcidulating tlie aiaphtude of tiae ultrasound sigDsis at a frequ^acy of 
several B.z to several t^Jis ot kOoh^rt^ imstisdiateiy f^itewmg pt 
colacideat wStfe. tfee fomMApn oithe foufehl^s- 

Aceoirdusg to the m^tlsod of tise inv^i3tlo5i> tlxe fe<g<|uency of tise mddulatioii is 
pre.fei~ably betwe'ea SICHg. and 251fHg, The modulation caa bo carriod out 



eilifeer by cfembmiag <sC tw© <?r more iatesfe be^ms emitted &aw 

two or m£?re t^aasducers hav^iig a compspn &eHs» oi' by f xcitlijg mdOTtlual 
ttMisiwciers hy mi mtit^ition pxilse edmposfed c>f two excitatioii pulses witlj 

Jti p^eferr^sd (Sfstbodimeiiss of the ijxveatio-a, the wave&rm causiJig tli« 

eomprisiiigiiigfe negative peaks a»d small positive p^afes. 

i^<jcD?ding to t&8 wMmmd &mbodimmt »f the method of t&=e mveiitloBj If "Q^a 
jiumfeej? ot? t:raBS:d«ce¥s» is more CJwm p^e^ thm% th(i MUexeMt frnqimMciBB 
emxtitBd by the tt&m&'acBM .ays ii^feegral «s:Uit||3les of ifefg lowest of tlie 
treque.ncies. In au esnbodiment thsree traasduA^ers are psed to gbm^ (nit tfee 

Tbs i^s^iiu^ cjf the mieKobuhbies is tvgieali^^^ in the range fxQm & fraetion of a 
mim>« up to iOd or ;mpr« mi<;rpii$, preferably frojjs «k|>pro3pmate:l5^ B micmm 
to 5 miemas. 

In preferred eiBbodimarjts of the mvejition, an alirasound imaging or nom 
iwaging; sjfstsm to view and iao^itpr tjie r^gioa h&mg targefceiii, to 

raoMfeot the generatloii of *l>e toi<arOfewbbl^s at the diesired locations aad 
oojitrol tim system far on& or more tfee follovsmg pxirposesi 



tJ» targeted iocatta; 
(c) to r<j:'aiig» the beam ip m. difforeat IpcatioB; and 

id) to monitor tfee forMatiori, maiateaance, or imploiSioin of the 
mIcrobtifeMes? for the pur|sose ef amtelling (^ifher contimiously or 
I;i3term|fetentiy th.& appliqatiQ» # tfe wa.mMrm an^'pr the 3^:j,odu.la:t|mi 
sigtssals th.8tt causes #i.&se processes m oMer to acEieye th© plashed: 
result. 

Tlxs resspoase at the |ia^.hsjfi»<smc. o*: '^^t-iii^her harixtojacs of the traasmiftted 
fesqusafeisis caa hs nm^ hy 0ie is^trasouad; imagj.«g or i!to3ar:im^gisj,g system 
to measure the jsutufeer oi mkydbwfcbles generated witkm the targetied 
{■egton and their sp#ial distribtsMpji; 

in |si;eferretl OMbodimeats of the ipyeiiticjii th*2 maltipl^ traas^^^o^^-s 
arraijg^d as an array:, deMgiied sso tiiat tIsM? foetis ishd th^ir own 

ioms mmhine. m.t the 8am& point m space, I» one preferred embodiment, the 
ai-ray is an amwkr array. Breferabfc? the uitrasonio wmp& tr^nsjaitted by 
tfes dlffereiit transditeers aro <lssigintod to produce In the mieyobubfoies at ih& 
fooal pcaxi% mterference that ggrierates spBCiflc waveforsns at specific 
freQtiencji&s axid amj>iltw4eSs wMch are sipt prqdtieed at other teeations mud 
the iocs! pomt caa bo jnoved axially or laterally by either sbiftmg the whole 



mrms> fey r^po&Monmg of in tramdiucers, or by phase sMfi of ti» 

excitation pulse.. In preferred <&jj3l3QdijEBigBts of t&e mveafcisn, the region 
^itMii tip local of all th.^ tr&h0nmpB m %*fekK tlis f w^VelbrBs 
develops St sigmfK^ant mtssssities sjssi tfee ampBtu&S oi' the waveforms aro 
h-tm than DB of thf masimttm arnplitu^s, typipailg^ at- distaBcss less 
tfe^n SSSim arn^ pi'eferabij' lessi than 1 mm away from tke poistt of the 
maxfrnum amplitude in thm lateral directions mid less fclian lOmm an4 
pref^raBly less tbaa mm away in tJie aMal directioJss, 

The mstjiod of tbe m^tfoistloK tot the local jsod pyoductiotx bf butibles at a 
looatiaja «».d the ©rifeax^oemejit af th^ eavitational axtd Impfeslois olfects tfeat 
ta^ke place at that loeation caiJ fee used fot therapeutic purpossss; For tMs use 
th«f one or moro transducers, are fjiaceiEl oxtra~cotporall>% in close jiroKimity 
to the organ to be treatsil, with ^ apacer iiaade of :uitrasoun4-tranBpsrsi3.t 
ii>ateria|, ultra#u»4 :isl» ^vatot ^un^owsiding the UltTMouiid tr^aiis4ue^i'/s 
a»«I illlirjg th& spaoe betwoeB. it sand the aur&ce of the body overlying the 

All the above aiid other characterlsitks aiid advasitages of the iiivsntidh will 
be iurther urj^dorstood. througlE tho folio wmg illustrative md a^Oja-limitatlve 
description of preferred omfaediisiesits therseff with mfereuce to tbe 
appended <lJ?awMgs, 
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- Fig. 1 shows an ultraseuiid siga^l having a smusaidal w&v&{m\m; 

~ Mg, 2 sii0ws a wavefoirm su;pplie<l td a trisjisdueat jpi^oiticed a 
comMtmisQJi of a I^OOBlHiK &n4 & IvOlMS^ aigrjai; 

- Fig- 3 schematicailjf sJjows arst e^a;m|>le of a ijojstrol aad drhdjsf 
f0r catrymg out mv^eatjori; 

Fig. 44 aiid Fig. 4B show ari ©mfeodimeat 0.f aB a^^rajf; oi^trax^^ thai:: 
is suit abte fot tisQ m c&rtfmg mxi th& inv^ripimK 

- Fig, SA to Mgv SD shi}w ^mhoMm^xxi of. mi &nmdat array of 
:t^»nsdue«rs tliat is sM^^ in earryiBg out tfe:fe invention; 

- Fig, S 0iQws a waveforiJi comprise high amplitude aegatwe peaks aB<i 
small ^mpHtud^ posMve peaks that ia useful for casrrymg owi^ ike fxr^t 
step of the i3iatfeo4 of ^ 

- Fig, 7A a?54 Fif . 7B images wMcb demo»strato tiie t.ws->Mep i;w.etho<| 
of the ihyiejitJQTt; 

- Fig, 8A. aB<l Fif , BB ax« power speetrum of the echoes from microbybblss 
profisifiefJ ha fat m step ossie of fee methed of the m:v©»tio&; aad 

- Ifig, iA aiid Fig. 0B are powss' speijtrusn of the ectso^s fTops iBicrobuibfeles 
prod^sced m fat sb step two of tlja method of the mveMioh. 



The «.t&ap.C;ad fe^vitatiohal effsctsi iS:, impsJOTihg micwbuhMe geHatati©?!, 
oscUiatioB, cfaaBges m bubble siisej aad ImplGsion, acM^veil by of the 
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presetst im'eBtiOft &re the seswit of applying a relatlv'ely low fe<p®ise>'^ 
waveform to tli© regi<m of isstemst, !Hie theoirf tie;al Q,nd ptuctic&^l difMcnlty 
tli&t must H overcome i§ to fociis the v<f&.m£mm te a mjffideptiy small 
regioB, fbr example feuman v^iiis or i^i tissue underlying tfee skiB, i« order 
to oMain useM tlierapeutk restilts, Tkm kimxMan mlwm tMs ijreMm» by 
uslwg a two-step apprtjach. In tim first step^ xiltr&mtdc energy, from obs or 
mca'e trafisdttcers, is ibcused at the regioij of mtea^est mid bxthMeB 
fdrmed. In gecoiid ste|j, wb|<jh follows imm©43S!tety aB&x ot coiacideat 
with the formation the bubble^, uUrasmiiC signals ar^ applied, wMcli are 
desigjjgid so as to pj^odiice stiodulatsd amplitude M a rslativel^ low 
Ireqisency of several Hz ta sewrai^n^ of ialofe^jrta, thereby providing fche 
desired low freqiiency w'awfqrja is coBBtsecl to the Bpn-lirtear iregjqn 

crested hf: th& hKih$lm i<ittsi^'^ m the Brkt In tlm pre^eivtly preferred 

embedlmarits otVtl^ inyention, IreQumcy of tim modui&fcioii Is betWeeu 5.kH?< 

1%8 low fr^sqaoBCj w^iiveform ca^ be prodijced either Jbj? eomfcmatioa df tw 
or mors ixtterfmng ptim&vy beams emitted froni two or mor& tvsasducers 
feaviag & commoji foetid os klteynatively f*om IMividmai^ Excited 
by an ©xeitatiosJ: puise eosMtposed o£ two eMitsLtioti pwises with oldseily 
proximate frequsmoies. 



1%« fwsfe Step of the metliod <s>f the mvemtioH Is cerm j^smg^ ob;« Oi' more 
exxergy tra.n,sducers, «acfa operatixig at a dif&?^eat frequency, which is 
tsfpteall^ in the t^ge of sevei'sil |jut!t<^r^<3s M WMz, tn o^sler 16 take 
adyasetage of th.& ^nhaxxc&d e^ect^ aot«# iti &e psioJ:- art, at least t^vo 
trasss&cers gfcould be used mid th&m tmqii&nmm sh&viM fee mlated swcb. 

In the i$mt m^tho4 of .praducisg tfe^ w&vBiotm for tke sseeond step of th4' 
irsv'ejxtioa, at leasjt- two t-rmsduceys are G«e-d wbaro oue frequeisey is siAfjpIied 
to oao trasisdiscor, «.g, l-OOMHsj, and a #eq«eBey dii^oteiit fey sevoKal Hs!- to 
«?«?wrai te^ns of Klfs; i;? sapplj^fl to the sesqnd tras^sdiscer, e.g. I,Cll.MBz, 
TMs f3j;x?«|wce$ at tte tar^t ioe^tfeioj^i i.e., wh:#o hvthblea Ixaye b^xt loriaed 
durmg tlje first stfejj of the method of the iriventiarv, jsKsssttte fieldis at 
srelati¥ely low irequBnci^s that are. tjfpically on thf: ard^sc of s.ev^ral Mz to 
a^varal teiis of JOJj^, a,g. lOkHas, 

Ib the soeoad method of prod^uciag th& wsveform, the rei^tively low 
frfeijijondies are also p.t?odx^oed oaly at tlse location of treatment, i.e. wSisre 
iSjk»oh«hfeks have feeea gejioratad dumvg tho fijrst ste|), ^aa exi^mple of 
the seconS toetiiodf ©pe iimqu^ncy supplied to ths traBsduc^r ooiM fee IMMz 
and the secosid frsguency i.OjMUs;. This produces mi altra,so:aic wave; 
havlhg ^ Ir0que0%' of approjcimateiy IM wi^ ^ viaty^itng phase SESid with 
m amplitude modulation of 10 kha;. TMs ^vav'oforoi is skowa ia Fig.2v Due to 
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th« Mgfaly nQnImear feefaavior of the huhhlm g^n&mt&d in the first stsp of 
the metbod of the ijcweajGioB., a ^^dBtmmoxt'' pheMommkon tskas place in the 
l<jciai region ais^i in tlife regio^x Q<sca^ied the bufeMsss wliicffe Is ©xpos^d to 

waves of ~ IQ Kl^ss aiid -*:2,0iMH2v fTbis resiiBs m isttn-iiBg-gp:? iei^li^^^ 

the isa^itatMnal effect; i,^, iM& cavitatlofsal effect of tke j'^sii^itaBt 

at tel&Umlf Ipw frequsmies is la3?gsr -^aa tb^ ■algebraic mm of tbe 

effectis <?f each. compoijeM at tte >relstiv8ly Mgfe fr>equedei«s {e-jg- l.OMHx-, 

LOlMHia, 2,Q1MH» aad their bawBoni^g), 

Go>pe«<liBg iBtsmational Fati&Ett Applicatkm fef tfee 

same; inve^fcdr, the iS.BitripU6n i^ wimht inblucimg rejfe?on<::<^ <;ited thex^M* is 
mmtporsited h&mm hy referfene©: in its entirety, desatifces a sjfstem aTi<i 
p«5tfeod for iismg «l|;r«tsa:i.5,n€l wave^: tk^ focused at a sp©cili<c location in 
a iehedlam to |ocgsli2;«4 prodt^ctiott of liubfeios thtsA ideation aiM t& 

Goatrcil. l-be productlosi, a»d tlie savitafciomil aad foeatiiig effects that take 
pl&m tjiws. Much of tK« ap|jaratus simd m^&o^^ 4«ser:ibed itx tMs 
^pplioa:iti<35i CSJ? las us«ftilly adapted to catiry out the present issyektion. 

p»©dttce the w:avofoi?ms in PCT/ili20O5/GOO1^8, at least feee 
kidependent higb-powsr fioc«Esed ultrasG«nd tsansducsrs are iis«<i, housed 
witMa a stmeture that pjjodtaees a commoa foctis. liack fet- aasdticer is 

powered by Its own ampMisF, wMcls. is dtiven by a sigBal ggn.erJitoi% iis'aally 



tmett fco a. dilfeyeM frequency. Optionally tim system isr pmd-ucimg Hm 
waveforms majf also is>ciu4s a cowtrol sjf^tem tlxat measures the cbaages m 
tissue or the :feiS€t of the Mifcbles and i0(cqic>rdijsgly 4dji^i§t^ th^ WM*&ioxrni^ 



Qim emh^dxm&M xii the contrsi and drmng system tlisit can also be used fdr 
csirrymg cmt fee jpreseait i»ve.atkxa is shown sdxematicaliy in Wig. 8. la this 
eiafeodlmfeJSts the control w&d driviisg syistem ^00 mciudess three ^rH^^^ayy 
wayelsTBi signal generatots cosm^cted to tlnyee wMo-ba»<l |x>^er 
mtJspKSers $Q4 axid, through iwP®daBce mateM transdpc«;rs 
106. least »ae Svoskstatioa 20B,^^^fe es^mpte a jser^onal itomputm (BQ^^ 
eomtd'ois the timisig of activatioii aad amplitude of each a-rhitrary waveforhs 
sipkai generator 303 % meajtss of diferent profeK^ and sepstrate cables fer 
each sigaal gesieEator. The wo^kstetioix may also ppntyol a temperatore 
measifrsmetjt system 210 tBat mM^^iffe^ ^nd records imnp0&.tufmi fat 
example with ihe:?mocouplos> Additlbmily or alteriiatively, an ufeasouiid 
imagmg or noB-lmagiBg: system ZX2 may bs? tsssd to vte's^' a»d moBitor thf 
mgion hmx% trexVtod (targotfed) to monifer tl^e geseratfoxi of the 
imctohubhl&B at tii© desu'ed locatioa aad Qontx&l tlio ^ysstem bo that fee 
ftumher c>f srsfc^obubhfes will be as piamied liis^or may be used for aimiog 
the focused beam to the targeted region rnxdlor to rB--Aligxi the beam to a 
difereat iocatte. The ca^feattoa ejects eaaa be detected by majiy diH's-yeat 
teGlmiques that are known to sMlisd persons, f^or e3«ample: use of a smgie 
traBsdhsj^r o|j^r^fe|fi^f a^t li% 1/3^ i/4, etc. of the fi?o*^uo»cy of oise of the 



afe l,Sj 2,5, harmoak;; use of a "white siol§«*' detect«r; ijss of a pssir of 

traiiselucers working; contmuo'lisly a tj^ansmittet-irecf h'i* use of a 

smgle traasduoer, tfeat both trammife mid memv&s the reflected sigsai. Tbg 
ultrasotsnd «yst«m moiiitormg system ttt mm" co3st3?ol|©4 by the 



.■OoMtsol a»d driving system 200 is comprised .of standard components that 
ar^ weH knowii to persons; iamili^r witb u&e 6£ ull^rasdiind for^^d^^ 
or t|}:e^^apewtic ptiJ!i>os8S. T3?picai but noa-iim|fcativ«s axamplos of 
conimei'eially avaiiafeie epmponents that ar^ s^iitpble for in control and 
drivimg: sy^em 21^0 are: arMtrary wavefosm sigisal generatot 202 Tabor 
Eieetrosaigs Ltd,, mod<il S025; wide-baxict IQhBz- IQQMliz power amplhter 
204 A<!0-u^ti¥; Eese^rch, modeil loO:^XOOB; tratisducer B06 - ImaspBie^ 
model :»o. T3035A10I, T3034AX0I, T23S6AX0Xi, workatatioii 208 - ,HP- 
Gompa^j jPC; tamperature meastiremenfe system SlO ^ Omega 
th0rmoco-apfe% modei no. TGG1§O-GPSS--1SQ-SMF-MUK27OS02, MMiors^l 
Instriunents Temperature maas«rema»t board modai xi6. HX-48Sfl, 
I'emperature I/O box mod# aQv TOr219p^ and Mationai Lab view software^ 
tiitrasound imagmg system 212 - Gl Haal&care aiodel V|Y1D III; ajid 
coiitroi box 214 ~ liF--Com|3a<i PC nmniaag Nation^ lastmments Lafeview 
software, Natioiaal InstrimmnM l/'O bm<> msdel j3O.BIvC>-209Q, ami National 
l.astrft.ni«ni^ I>AQ: b<2>ard modal bo, PG'L|*M-1 jS. 
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Tlie power traasctecers 296 are mt^mg^^ &s mx Army, designed so fchat their 
mechajsical foctis aiid: their &wn focus cojiJbl?3e at the sajBe p&mi, m sjsacs, 
Thi& poitxt space cs» be moved by sither sMftdBg ihs WhcAe asraj^ by 
rspesitkmmg of iodividwal tranadijcesfs, or by phase §Mft of ih& excitation 
imlse^ l^he idt*aa<>n;ic wav&B feraajSisitted hy the different traKsduc^ss 
desigaed to produce b^' mt&riemnm speciSe waveforms at the focal |5oiat, 
vsfhkfe not p:yo4.iio©d at otlior locatiotis- Tfee ?regidi^ m w^jsjb. tfee sp^edfte 
waveforms develop at sigjsificaat iolBnslties, ie. within the focal mm pi. all 
transducers, M tjsu ally very small, wheTe the amplitudes of -^S DB aad less 
of tlio ma5?|m«.m, are typlcallF tfears 1 mm away Ixom the point of 
maKlmHssS ih the lateral directiefis and, less th^h 1,5 mm ^way m the axial 
direptiojss. 

An einbodimeBt of an array of traxssducers thM Xisee oyhtsdrieaJ p«wer> 
transducers amiable lor use in the hweafcian is shown i« Fig. 4A a«d Fig. 
4:B, Atiother «mbodli?ii6»t;, iising aawDiiar: transducers is described witk 
releteuoo to Fig. 5 A to SB ihereinbelcfw. Fig. 4A is a photograph showing the 
array SftQ from the top. Array BOO is mottrnted in a eyhadricahy shapod 
hoMer aiJt miade 0f iiless^^ material. In the embodimeiit 

showB, bolder 366 comprises a eentral bore 304 soaxial with tiio symmetry 
assis of KoMor SO0 and mx other hores 302! arraiiged ayram^trically arorj.Bd 
bqrte S04 arid ii^elified at aa ajigle with the symmetry axis. Array of 



transducers 206 %\'bicli are inserted into bores such that all are 

physieaiiy aimed at the same Iseal jfomS, The fqe^l poitit the of 
uitpasouBid ttsmBdumrs 300 d:ej>en<ls, upun. pihm factors ob the medmm. 
tlirougii wMc% thup iiltrjj#cmd vmms ml] be transmitted, A t>'piQsl iQcal 
distance iti watfer Sot &trmy B'6& is six cm from tfee bottom face of fesaasdacer 
lipids-r Tbis fcal dista^ice is equivaiept ts five cJXi in gel and four cm in 
Mssiue. The eeister Ixjire 304 c^n be tilled fop an imagmg isrofe^ coti-ii^tM 
an imagiag system 212< or for ijtisertm^ thermocouples that axe 
cofxipQumntB pf tenjperature mi^asumm^ syst^m^lO, Mg. SB sehmmtlcally 
shows t^ie arrange JiQejJt of th«i Ijqres 30^ and Z04 ots the pi axiar bottom face 
of feoMiSKaOS. 

Tfce holder 806 is d^^igiied isisch that B.mmf SOO can be placed extra- 
eorpioraliy, in elo^O; prcjsimity to the or|a» to be tteatad, with ultrasomid^ 
transparent material, ultrasouBd gelj or water simxmndiiig the x?Itrasou5:id 
teemsducejpa ^hd t"iiliag the ajpac^ heiWHseii it iand, the organ. 

meiUioii&d heseljaafeoye, ultrasound system 200 may be either iBiagmg 
BOTi'imagiBt a».d 5J5 tiis prefon^ed ^'mbodixai&nt of tlie im'eh^^ is used to 
measure tbe number of microfeufabies, tbeir locatioa m apace, and their 
s|satial popuiaiion distrihtjtioa. These j»easure meats c&n be made during 
tmy phasie of the process, for esam|sle; when bubhles are generated durhig 



-17 - 

&e cavitation phase, during a hsstmg phase, a phass wiien It is *ies53^e4 to 
reduce or enlarge the siae and/or aumhei" of miarobxjbhles, or during 
microbutebl© d^strucfcioa ti^jj^ally hYim.ploBi<on. 

The goals of tfee iis:veKtioa are acyeved hy sefectmg the tasage of 
parameters, ittcludmg fe<ju«ncy, pHase, and amplaude:, of sach oae of the 
smMple traiisducei-g to prodycfe thfe d^aii'sd waveform m tbe regJOK M 
ixiterest. Btsbbles ha^mg a ska mnglftg from a fractioti: of a micron up to 100 
or more microns cmx be pi^idxic^d ^^MU ihe ^fsimxi dmcxih&A hmem. The 
praaajitly iSrsfesT^d raB^^ Mibble size foj? theraiseatk use is hets^mn 

approsimatsly 3 to & microns, Similsyly the siae of the €oml area san fee 
vamd hatwe«iis spots tfe^at a?<© typically leiss thaES. 2Sm:m radius, and 
p.cef€::rahiy less ih{5n I radius in the lateral dir^ectioxis suid loss than 
l6mm,: aftd proferiably lass than 1,5 mm, IdiJig iti th& isMmX directions, 'fhe 
ability to acBiev'e sach a small fooal zou^ length In ths aKial diraetlan fey 
pfisig tfeo iiasthod itaci ai>patat"uS of tJj« Inyention pravi4.&& a algnifkaet 
jmprovement in the aMiity to ptovide localiKfed tyaatmeM fot vajfioiis 
conditions over the jjrior art methods : is which th^ iboal «ojio Joogtb 
typicaily sanfes hetwdeti IQmm md SOmM, Tlia hilMmum of the 
tsreatment area ia on the Qvdet ol th^ mimmimi Biz& of the fecal area and., by 
m«ans of elactdeally or meefeankaliy m&iitiing the combined beams aad/or 
the aiTay of trraofduoera, th© maximws slg-e of tlio treatment area ia 
ualimstad. 
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Fig, 6 shows a wa^eibrm comprisiagiiigfe iiegafcive p^aks asad small posifciv« 
peaks. "tMs of ^syeform* bjr increasmg: the ristid ssf the &sj5i>iit;iKkss of 
th& <le<ompr©$sioia part the s«<)«stte wave fe the eo,mprssslo?i part, 
©noowragss the crsatioia »C « clow^ of mierarb^feMes. This type of wayeiprm 
viimt eff^tiye &r <;arryijig out th^ first sifej* m tfce inetisdd of th^e currsat 
invention. In Wig. the hmimutal axis rej>.resent-s time measured iii ,H.sec 
and the verticai axiig th^ ampliiuide pf th^ s?ignai tij© fopm 
^ciltSv The signal showcii |4 Fig> pj^ifsratetii tiding th'^ system sh.own m 

MgiB mkd the arsaj sliown ixi Fig; 4A. eompriai^g tfeyse transisSticerSp by a 
hy«|rcip]it>iis that converts accw^^ti^b' %® ^^^s^^^^^fc P^^^s^r^^ at that point ta 
xA5ltS< TMe control dnMng system operated at the frei^ueneies, pMasss, 
as>«i amphttides isiieiwji IB 'T^^^ 1 m order to produce the wayefo^'m sho^rs iis 
Fig, 
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Another embedimeB* of a traixsfecer array tjjst cap l>ig tiss4 to <;a»:y otii tfe« 
ffietb<>d of the iiweixtkiJi is ssbe^fi m Mga, to 6D. Mg. 5A ss a sid^j view 
a;n«J Fig, §B a jsersijective "v^iew showmg the f^^ttiires d.f tis® oufeM^ of 
cj^lindrical holder 00$ of asraj' 000:, Shown in these figures are three 
eoaaectars 01 0 for the ppwei; cables to tlie three traas^ltscej's -stBcl tJ»resf 
conn&ctorg SI2 for t-her?j$oeoujjles. The therrftQbtoU|5les in &ttuf 900 
pMeed <>& th^ rear sides of oaefe of the traasdiices's to meaitor tlieir 
pferf4rma«ce d:«nai: fee fevolopment sMge of the ajeray. They ars jsot 
necessary features pi a comm^jrcial arr^>, Aim $hmvn tm the .top of hokler 
008 i!$ air iijiet :014 Atid mr outlets 016; ssfhidi k?^e p*d\%l:ed to pss^ ak dwr 
the baeks «f the transduceys a.od remove .heat from the .i.nside o.f holder 008, 

A$ opposed to the ar*ay 300 ehd#jni m Fj#> 4^ imd 4B> whicli comprises 
cylmdrlcal trasisiiueers 200, the arsay 000 is comprised of tlu-ee aimdlaf 
trasisdueers 002, 004, aisd SS06. -th.^ three tsausduesyg are arrangeci etach 
that their feoai faces form a spi«ricai shaped active ai?ea 018, which f««\ises 
the eBorg-y fjrofSQ all of tjie tx^ahsducsrs at tfes same peilit below the bottom of 
the holder. Ae common focal, pmnfe (f i« Fig, 5C) is loeated on the vertical 
syminetry satis of hdlder OOS a.nd is the ee»tet of ewvature of sphoi-iea:! 
active a;*ea 918, 

Fig. SC is a crosS'Sectional view #i0Wiag the aitaBgemeat of tMe# 
tra,asduc€;yg, .lAaes b.^ h, aftd « are respectivsiy the feotto.m edges of 
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tr&osdaeers 90% in^ 906; Tkg lK>ttoM feaasdac^^ f 02 ami tlis usmr 
side s«rfaces of transducers 904 and S08 clefce th^ sph&iical active surface 
918, iiiie c aiso represents fclse bottom edge feoMer ius^ tkerefore th^ 
"s&ia pMiie", when the arra^" is pladed on a ijatieBt'g body duying a 
thersspsutis prdoedujre, Tij® distaxice from tlie skm plane to thf focus C if 
deslgn^fced by the letter d> Fjf . SB is a view from th« l>©fctdm of tfee array 
silo wing thekfcatisn of transducer^ fOg,^ 8^ 906 op. &e active snjrfaee 

An iiiustyative, but nor liijiitativi^, e^sainpie of the ^dimtmsioBs of an array 
901) d^ssgned far therapeutic tsei^tp^ftt is: height a^d di^n^^t^t ®f feMer 
908 are 6Smni and SSmm rs.^pectjveiy; radius ol i3un?attt^ the spkedcal 
active surfaces 9lB is 45mm; aad distance d is SlB^m. Th« freijmncm o^ 
traBsducers in th.«fe ajcray a?fe 2&(3EMZ, IQOKHZ, and 3.0SC|iKH21< It is to he 
nsted thjst th« rafcia M these feeijiis^^^ 1;2;3> TMs iiifferent frSem th:e 
ratio X:S:4 o£ array which was describad .betsinabove. This iilustrstss 
ftiafc the m?ifaMien is ri0t HMitied to any p^a'ticular freftieneies or iar that 
matter? to using three transdnceys^ howeveSji in order to enhance the 
cayitatlop rssnits, it is important that if more than oae trasisd^ and/or 
jre^jmoacy Is us0cl tJxon the diS^retrt ftequoBci^is emitted iby the transdwesrs 
ghcsuld xtrsCerably be integral miiitipiss of the lowest frequeacy. The inain 
coasMer atipn m, ehopaii^f the nnmhef , feequencies, and otfesr paiJaaleters of 
the tran^dneir^ kttd oiixer ctjmpojsents of the system is the wavelbrm of tfee 
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sigaal tfaafe Is to fee producf^d hj th^ army m order to acMsvo tfee mt«H4«(^ 

The mBihod of the inv^titmn lor exifeancitig cavitaMoa MTeets at a gpe?;lfio 
lamtion in a mesdrom is; eaxrje«i o-ot wsiiag; nteasoaic sas^rgy ggsjieratpr 
system suql:) 8,8 200 m Fig. 8 iMi ti^e followisag ^t^^ 

(a) A jgenetatOT of ultrasomc waves is placed on tfee outer surface- of th« 
medium and. direet^isJ tofiwards the specjfie locat^^ Tks? gtsnerator cam 
comprise dual imck tmti&dmem ot an ari'ay «ff two or tooro 
tr sxxsducets: such as tliose doscribed liersiuabove, 
^} Blti^asonic en^rg^ m applied tp ths trasisducer/s to pm^xxm a 
waveform that geuerat-os gas bubbles at the fottal point fay r<sotffie«i 
diffusiOB. Ii1i:e process of feufeMe formation can be fut^^r enkauoed fey 
using two or mote &equencie« tbat ax^ harajonics of each othm, The 
siae of t Jse fooal area can he hio*© scc« tateif eoatrol|ejd by using ihrfee 
or moice fcrauaducers to produce the waveform shown in Fig, 6 than if 
the siuttsoidal waveform sli^own. in Fig, I is used. 
Ce) Iinp3^<ii^toiy folkwiug* <^r coiBCideni with the fdrmati«ji of the 
feuhbies, tht. amplitude of the eiemeats is modulatod at a relatively 
low &e«^uaJ5cy (e.g. SlsH?; 2S kH«)v 

Step (c) can bB carried out in oao of tiie following two ways: 



(%) hf a{>;|>lyi»g a syavefo^m hm'mg two cMbb frequ^itcies to sacli pair of 
transducers, e.g. for aii array of ftim: t^&nsdxtcmB, the traJtsdiscers 
coisXd be speratsd at 0,SMfe (|,SiB$Kz, I,QMH«, l.plMEs 

(ii) by driym^ oacfe traris4«<:e?' with « sigsal compirisM pro^imixte 
freqiiasjcies, s^g, tot the ^.iimilgtr ^ri'ay described ket'eiix^boWj, 
three tsassducai^s coidd fc« opfrat&d at SSOKHH and 360KHa, 

The .method ean ea,ri:ie<l pat witS^ severM varii^ti^ For ^js^ismple; 

- Steps (fc) mid (<!) can be earned out sequentistlly, 

~ Step {c) «:a.n be initiated bubble toym^ion however step (b) does 
nat cea;^e wl^eji step (c) begins and tiiep. t^hs twb step^ are earned, out 

• simttltajaeously-. This mode of pei-forming the ia^^esatkai caji be carried 
out fey as|i3:g a id^ereat tmm&m^ser or army to provide tlse sifn^fe 
needed for each of felie tWb ^^tep^ or tiy usixig a single in whidh 

thB $igios1^ .iVom l-^ast sjonie of ih^, t^rahsduGears are alternated 
betwefer!: the differeiit waysfdrms. 

- Ilie sigaate can fee j^ppMed feq^eiitially hut cycMcaliy; i.e- step (b) 
(biibMIe ferhi^tipift) foho^ed ^^b^ step Ce), %vMch is earrifed o^t uMil a 
decliri© in activity Is observed, Miowed by step (b), which prodtice^ a 
s«|l"i<Ke3it qiwsntitf ©I fehbfeles to m&kte pt^p (c) effectiye, fpUpw^d by 
step (c), et4> 



An uitrBmuad imsghig or 35Q»'^imaging system tmi bs . -usfed $0 'view ami 
monitor the region ba&g targeted, fe momfei- tbe g#jiei-ation of th© 
nticjtjbtjfefeiesr at th& dmir&^S Idcatiatiy sss4 to coiitrol tlao systemf el&os 
«iaau^Ij .or .au:%>iaatical|y:, for esie or jsiore of the foUowksg pm^ppges: 

the targeted loc^^tkm^ 
0i) to ijisuref that the lius^^ is as pias^jied; 

(tj) to re-aligs th^ljoajn to a dlffeii?ent locatkm; aad 

(si) to i«6mtor tko formation., mamtenance;, ot jmpiosioa of tlio 
mittrobiibMes lor thiS p«r|jose of contsroH|iig eitii^r coMlftUOUSilji' or 
ii?.torm|tt©j?Ltiy the ap|?>licatioa of the wayeibrip aB#or the JtiodulatifM 
s% iiMs that caisses them ptomsB^B m m:4m1x> atjhi&ye th.B plamied 

result. 

The method of tb,e itivejEitibsx is «S|>ocially woti: s«ito^ for tli©ra|jeutfe 
purposes. For sudh UBm> the owe or more trapsdijcers are placed o?£tra- 
corporaily, ia cioso proximity to tfee organ t-a he t^re^tedi vvith j^ Spacer tjjads 
of: ultrasoxmd-traKSpayont material, ultmso«rid geU or smt^^r surro«ndmg 
tlie ultrasound :traBS<5\icer/ss aiid filiisag spac^ between it aad tbe fewfaco 
of the body overlymg tb€ orgaxi. 
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E)£p«rlm«33tg kave ^mn cmxmd xxi <3X!jer to ^lemoastrate the t-wo-step 

illusteafe iUe mvmiti<m aad aye »ot inteilded to limit tbe scope of the 
iiw^ntaon iB any laaimer, 

Ari experiment was done m; wate?*, using a special lat^x tube mijESickmg a 
vsiiB.;. 'I^ha energy produced by tfetee tyasisfccetis arranged in an atistular 
BtX^ a$ slioWn irt Figs SA to SD ajad operating at 3§QkMZj 'TOO&HZj a»d 
IQSOkMz w&s fiicumd m th^ watw mthm ih& tube aixd tjufeMes wm^ 
pmdpced. sts shjjwn in Fig. Falfewing tfee step of bubble pyodwctipn, the 
transmissioB oi' tlie tw^o Miife<^r Iteqtieucy ;tr«r^:sdncel^S wa^^ .^toppessi and tfee 
SSOkHK transducer was driven at SSOkHz and 360kHz- The enhanced 
cavitation ejects producod in tkis step can be obseirve^i^ in ligv ^M, The 
Images in Figs, 7A s:nd 7B were^cquir^d by a with 
a fL Linmt mit&y, 

Fig^v 8A, 8B, ^Aj, aad 9'B are power spectram of echoes obtained by 
hydro|>]lone from a sample offal iasonated by fcig array <>ftransdaeers used 
in Bscperiment 1. In eadb these figwres tha v^r:^k'al wis f^^ptasepts tii^ 



povif^ aM ih!$ hotimntnl aSsis tha feeqwejicy. Tke dipper eij*^ |g tfe® ''taw'- 
data axid tbe lower eisrvis: shows iQse resialtg altey^^l^^^^ aoad WTOi^lizatloo. 

Figs, 8A and 8B sfeow the irfesaltis fe^^ fsrst of tte MMiho-d. fchis 
ste^, the tT&mdnmvB wea?© operated at frequeKaies of aSQklfo, 

?ODkEa?i apd lOSOIsHx respiectwsSy {^t diffsyent power leyeiig), Xfe*? siisjais 
ViJSfye applied c^r^i^ mamey fo^ ON, SBmsec BJimmc OU> 

0te. Fig. BA slsows the power speetram i'esssrded after isec aad S^'ig. SB after 
2see- Tfee p:mmnm oi itiicrobiiljy^s in tim sample is detected by thp 
apj^e^amce of siieirgjf p^eaks eoryesiioadijag to tJis iiaJf Karmomcs ib:e 
pj'itaarj fse^USwoies, ThB presence of the .Uns at l7!SkHsE ia Fig. SB efearly 
ejsMhlisbes tkat a sipsificast jsopulafcspa of m ereated in 

Fig«. and 9B show tJie resiilts the secou^d sti^p «>f the niei|hod. % this 
step, ©?xe ©£ tkie tmttsdwcsrs was operjatsd at feijtjeaci'SS SSOkHx axxd 
S60ffiK {md the otiher %mQ ia^^m^umm were *-shAjt; dswii*'. The sigftak wer« 
ajjplfed m a cyclic j«a»ner for 0.4msm OH, OFF, i;4i»sec OH, et«:. 

Fig. 8A shows the power {spectrum reeoyded after 2&<sc asid Fig. 8B affcer 
Ssefe. Observing ifeie ckajsge^ iix tibs strength oi Mne at 3;?5fel%^ caa be seetv 
that the wavefosxm /applied in this step caused Sinhanceoieiit of the cavifcatioa 
ami is3ipl:<sslon the mlcr«hitibhlM in the fat, iXtMl thp ^opiiMti&n of 



microfeufebie^ tiiat %¥ere €^^^ Sit step 1> vjrttsalljr ciisapp^at^d Mtw Sse<j of 
step 2, 

illsisfcratioa, it will uaderstood that the inm=itt&ioa may be earned out svit^^^^^ 
many v^dsticjjs, modifications, and jtdaptatkns,^: v^^^ d^partisag its 
spirit or fis:eeedmg the scojps of tfcMB claims. 



1. A me^oA of enfeaxssciug tke pavlljatiqtial: elSstt piE?o4w<;$<i fey ultr&soimd 
BigB^h fos^BBd at a specific location in a medium, sa,i4 methGd 
comprismg the f6Uo-mti.g steps? 

(a) using mte qr «K>xe teaasducssrs t.o ajJply said ultr»&ou.ud sig«als to 
creatie a/w&v«f6tm ttet di^xis^^ forKiati<>ii <>£ bufebie^ at S:aid lofc^ 
and 

(b) modu|at%g ii%ie amplitude of ssa^^ wlfcis^as64)^^ sig^eials at. ^ fTs^issftdy of 
B&v&t&l hertz- to several iem of kiloherta immiei^Mtely followjiig or 
CQmcideiit witbi fomatioa of satkl bubbios. 

2, 4 method a«3cox:ding to c^Siixp. X, whor^m .&e<iiiency of the luoduiaticjn 
&mM \h€i&\lGmm.g: two ways: 

(a) cpiBbmatiiQn of two oy J^ao^o iuteriej^ag priJBa^ey b^aajs e.miti:«jd imm 

(fe) .exciting individual ttaasducex-s fey m. excitation puls» .composed of 
two ejscitation pulses with closely proxit^sate feecjuencies, 

4. A method aeeordijig to cliaim Is wkerem th<e wis.veimm c»mm§ Mie 
psrod^ctiori of babbles i&jeh.omn imm tJie graup comprijsisg; 



(a) a w^av^elbrth compmmg high ijsgative peaks aa^l smaM positive peaJssj 
and 

^ sia^soMai waveform, 

5. A metliod adcoi'diag to ciaiBi 1, whereitij if &e aumter txaissdu^^^^ is 
more thm pne, then the d|$fer^at ife<!|M;eBdes e^ixiitted by S^id 
tr^essdijcers are mtegral jrauitipkjf of^the iowf sfc t>£ said &eqMBncies, 

6, metfe,<>d accosdrng to claim 1, whereip tixe nt^smfeer of txa»sd«csr« is 

in tfee raug^ .fxom a fraction ofa Mi up to iOO # md!??© mi<;r<>iis> 

B, A m^&od accsMlng to claim 1, wfes^^sisi tb.<g r^diu^ of the microbubfel^s i^ 
vii tke raiige &Qm apj>KQ3:;im#«i3r B JsiiciiroftsS # ^ mieros^s, 

9. A me&<>d mcc^rMng tiO clmxn 1, wherein aia \i:lfcra$oiiind imapBg or 
im^giag ^ystfss i^ used to view and moxiitor tKe regioa being tax'gs ted* to 
momtar th& geBeratioii of tlae mierofeiifeMsis at tfe.^ siedr«d }ocatiQ% and 
control, the systam for oae or of fee Mlm^aag purpose^s; 
(a) .fe aimiixg tke^:^£^^ Nam to enable g8jj.arati«:g the snicrobuhbles at 
the targeted locaiiidsi;: 



(fe) to mgyre th.a:t the jjumiber of microfeufefeles Is as plaissied; 
(c) to re-aligi\ the beam to a iiiffeseiit iocatkjjs.; and 

<;d) to moiiitor the form&tkmi mmtitmmm, «y impfeioM of the 
jExiicrobiUlfeMes for the pwrpos© of coHtTollixsg ^itJ^eT ««jjitiiitousiy or 
mM^mitteMly tlie a|>|>lk-atic»a of tiao waveform mdht tkm modtiktion 
signals that eawses tifeess processes m order to achieve the p|asine4 

10. A metliod accordmg to claiia 9, wher^iu tke response at the hall 
har»iQj?ic or higher harmoiucs of the traasrajtted frequencies is use'sj 
fey the Mh*^sc?uxid i jjsaglag oivnon^sSagMg ^jstem to meaMte dse or hotli 
of the MIowing; 

(^i th^ ntsmher of microbuhbles geiiei^^ted ^ithin the targetetl repoi>; 

|b) the epatMl distrihiitioti ot saM miorphsabfeles g;ej$emt«4 withiB. mid 
targeied regioB,, 

11. A methcjd accordrng to claim 1, whemsl the multiple tre»sii«eer8 are 
ax^-aaged a$ an array, designed ec that their mschanicai ibcus aa4 thsjilr 
owii foevt$ <5simbme at t|ie same isoint in space, 

12. 4 meihod accor^iisg to sjlaim 11, wherein the array is an aimiaiar array. 



IB. A method aeccsrditig to claim 11, «rkereiB th© poiBfc in spa«e can >e 
moved aacially or MteraEy by sfeifimg the mhoU MxTm> 

Tspositlomng of individual tra»s0ace?s, oi' bj? ph«s® sMftol tli« e«^it#ipn 

14, A m«ife# accosdmg to olaiiti 11, mh&mm tfee ^^trasoBk wa'ifes 
trarismitted by th«3 differeat transducers are desigiied t« prodacevte 
mierobulsfelfes at the f peal pomt Iptejfersiice ttot gesisrstes specilie 
wiiyeforms at spsc*iiiG feefii«»s?ijd0f$ arid amislitiu^ies* wMch me »ofc 
prodtifjied at; o^^m Ibcations. 

15. A rasstliod a^cc^rdiBg to ©iairn lg,,^hereiB ^ie j-«?gJOB within the local aoj^s 
of sP the tt^^asdttcers in whiefe tlio sis^dfk waveform develop? at 
signiBeSBt Intensities and tho ampHtudes of tho w^veCprpis are less than 
-S PB of th«j!; maximiim ssipsplitudej Me t^rpicallj at distanced less tfean 
:25iKm smd prefeably less tMs i: mm away IroM Ifee point of said 
ma^mum amplitude in the lateral dimctiojis aad thm. lOmxp. mid 
pr^iferably less tkian 1.5 mm away in tfee asiiai dii'^tiOBSx 

1®. A mefchpd according to thAm Ij wl^erom the Ipaaliz^^, prod^ctioB of 
bubbles at the locatioB and eiximncemeBt of tlso: eai,dtatijjna^l 
imgk>$iQX3t eflfeot;s that take j^lafee at said location are for feeirajpewtie 



-Si- 



ll, A mefhssd: accordmg t&clmm i], mii<^mm^& on^ or mors Imnsteesrs are 
placed eMra-corpdj^ssEy, Ib close prQME>.l£y to the tKrgan to fee treated, 
wifefe a spm>6r x« ads of t:iltrasouM-tya&si>aS'eBt materia t?;1;tF^^«uii4 gel, 
or water suiTPWBs|l«g said altrasoui^ traBs<iucer/ss aad Uliipg th« spme 
feetwsejs i| and the svv^'f^'^'^ i>£:tke feo(i7 overlyiag sai4 organ. 
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8, ha jjslIiARCHKD ^" 



VS. : *«XV«r, ■■43. 4-;7, ASH: ■nifP.Si '9.S,K 6tW!&7, mi (m/Z-4 



El«5SWC(«te data bisse co?«i«it««{ <!Vsf^tig tiw ■i«t$fss^oM&i sestf^ih fmsm Cff ^x& b»se where ptisctscabte. $«sarcii tsrtsm «sed) 



US 5,935, U2 A (HOOD) .tO Aisgust \^ (W.-M. !9>f9>. Figs. 1-3, 



[^i ForsN? <S<jicaias5Ks are fisJtxrin the tx'sswBstfosvof Box 
,„ ^^^^^ .^^^ ^ a^sssgsiis- 

"A SssciiissjHi ifciJiiing esj; gfsiarst sir* wiss.'i is s«) sissSisSetriS h> jw 

Of sjirsisute !c;;iy3,(.«« 

S{>£«iSif<3) 



S«sj paiijRt fsfjjijj' snsisx. 

)Ma sSssasitfi! is «ait!e* ai<^ 

(itwtisis lo^ s$d!>i:<t in <t<ff ^^^^ 
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